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[Title of the Invention] LIQUID CRYSTAL DISPLAY PANEL AND
A MANUFACTURING METHOD THEREFOR

[Abstract]

{Object] To provide a liquid crystal display panel which
is manufactured using a dropping injection method and a
method for manufacturing the same, which can prevent
contamination of liquid crystal owing to contact with a
sealing material and has excellent display quality.

[Solving Means] A convex part 13 is formed between a
display region of a substrate 11 on which TFT or the like is
formed and a region on which a sealing material 16 is coated.
The convex part 13 is formed by exposing and developing a
photosensitive resin film. Vertically oriented films 14, 15
are formed on a top part of the convex part 13 and a surface
of a second substrate 12 facing the convex part 13.
Thereafter, the sealing material 16 is coated on the
substrate 11, spacers having diameters larger than height of
the convex part 13 are dispersed, the substrates 11, 12 are
superposed and liquid crystal 17 is diffused. At the convex
part 13, diffusion speed of the liquid crystal 17 becomes

very slow and meanwhile the sealing material 16 is hardened.

{Claims]

[Claim 1] A liquid crystal display panel which has first
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and second substrates disposed opposite to each other and a
liquid crystal filled between the first and second
substrates and controls the amount of light passing through
a display region for each pixel to display an image,
comprising:

a convex part which is formed in a frame shape to
surround the display region on the first substrate and has a
gap with the second substrate;

a vertically oriented film formed on a top part of the
convex part and the surface of the second substrate opposite
to the convex part; and

a sealing material which are spaced from the convex
part at the outside of the convex part and hermetically
seals the space between the first and second substrates.

[Claim 2] A liquid crystal display panel which has
first and second substrates disposed opposite to each other
and a liquid crystal filled between the first and second
substrates and controls the amount of light passing through
a display region for each pixel to display an image,
comprising:

a convex part which is formed in a frame shape to
surround the display region on the first substrate and has a
gap with the second substrate, and of which a top part
contacts with a liquid crystal stopping convex part;

orientation dividing convex parts which are formed in
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pixel regions of the first and second substrates,
respectively;

spacer convex parts which are formed between the pixel
regions of the first and second substrates and of which a
top parts contact with each;

a vertically oriented film formed on the display region
of the first and second substrate and the top part of the
liquid crystal stopping convex part; and

a sealing material which are formed at the outside of
the liquid crystal stopping convex part and hermetically
seals the space between the first and second substrates.

[Claim 3] A method for manufacturing a liquid crystal
display panel which has first and second substrates disposed
opposite to each other, a sealing material for hermetically
sealing the space between the first and second substrates,
and a liquid crystal filled between the first and second
substrates, and controls the amount of light passing through
a display region for each pixel to display an image,
comprising the steps of:

forming a convex part on a frame-shaped region
surrounding the display region and spaced from a region for
covering the sealing material on the first substrate;

forming a vertically oriented film on a top part of the
convex part;

forming a vertically oriented film on at least a region
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of the second substrate opposite to the convex part of the
first substrate; |

coating the sealing material on at least one of the
first and second substrates;

spraying spacers having a diameter larger than the
height of the convex part on any one of the first and second
substrates;

dropping a liquid crystal on any one of the first and
second substrates; and

superposing the first and second substrates to diffuse
the liquid crystal between the first and second substrates
and sticking the first and second substrates by the sealing
material.

[Claim 4] The method according to Claim 3, wherein the
convex part is formed of black resin.

[Claim 5] The method according to Claim 3, wherein the
sealing material is harden after the first and second
substrates are superposed and before the liquid crystal goes
over the convex part.

[Claim 6] The method according to Claim 3, wherein the
liquid crystal is divided into a plurality of places on one
substrate and is dropped.

[Claim 7] A method for manufacturing a liquid crystal
display panel which has first and second substrates disposed

opposite to each other, a sealing material for hermetically
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sealing the space between the first and second substrates,
and a liquid crystal filled between the first and second
substrates, and controls the amount of light passing through
a display region for each pixel to display an image,
comprising the steps of:

forming a photosensitive resin film on the first
substrate;

exposing and developing the photosensitive resin film
on the first substrate and simultaneously forming an
orientation dividing convex part disposed on a pixel region
of the first substrate, a spacer convex part disposed
between the pixel regions, and a frame-shaped liquid crystal
stopping convex part surrounding the display region;

forming a photosensitive resin film on the second
substrate;

exposing and developing the photosensitive resin film
on the second substrate and simultaneously forming an
orientation dividing convex part disposed on a pixel region
of the second substrate, a spacer convex part disposed
‘between the pixel regions, and a frame-shaped liquid crystal
stopping convex part surrounding the display region;

forming a vertically oriented film on a top part of the
liquid crystal stopping convex part and the display region
of the first and second substrates;

coating the sealing material at the outside of the
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liquid crystal stopping convex part on at least one of the
first and second substrates;

dropping a liquid crystal on any one of the first and
second substrates; and

superposing the first and second substrates so that the
spacer convex parts of the substrates contact with each
other and sticking the first and second substrates by the
sealing material.

[Claim 8] The method according to Claim 7, wherein the
orientation dividing convex part is formed with a width less
than that of the spacer convex part, has slope surfaces at
the both sides, and does not have a flat part at a top part
thereof.

[Claim 9] The method according to Claim 7, wherein the
spacer convex part is formed in a broken line shape.
[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to a liquid crystal
display panel which is manufactured using a dropping
injection method and a method for manufacturing the sa@e,
and more particularly, to a structure of a liquid crystal
display panel and a method for manufacturing the same which
is very suitable for a vertically oriented liquid crystal

display panel.
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[0002]

[Description of the Related Art]

A liquid crystal display device has merits of thinness,
light weight, and low power consumption, and thus, recently,
has been widely used in a display of a personal computer or
a television. Generaily, a display panel for composing a
liquid crystal display device has a structure that a liquid
crystal is filled between two transparent glass substrates.
Of two surfaces (opposite surfaces) of the gléss substrates,
one surface has a black matrix, color filters, an opposite
electrode, and an oriented film formed thereon, and the
other surface has a TFT (thin film transistor), a pixel
electrode, and an oriented film formed thereon. Also, the
surfaces opposite to the opposite surfaces are attached with
polarization plates. If the polarization axes of two
polarization plates are perpendicular to each other, the
polarization plates transmit light if electric field is not
applied and the polarization plates shield light if electric
field is applied, that is, it becomes a normally-white mode.
Also, if the polarization axes of the two polarization
plates are parallel with each other, the polarization plates
shield light if electric field is not applied and the
polarization plates transmit light if electric field is
applied, that is, it becomes a normally-blaék mode.

[0003]
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As a method for filling a liquid crystal between two
substrates, a dip injection method and a dropping injection
method are known. In the dip injection method, first, a
sealing material is coated on any one of the two substrates
in a frame shape while leaving a portion which becomes a
liquid crystal injecting port, spherical or cylindrical
spacers having a uniform diameter are dispersed, and the two
substrates are adhered to each other by the sealing material.
Thereafter, the liquid crystal injecting port is immersed in
the liquid crystal in a vacuum atmosphere and then the
atmosphere is returned to an atmospheric pressure. Thereby,
the liquid crystal is injected between the substrates by the
difference. Next, a sealing material is filled in the:
liquid crystal injecting port to sealing the liquid crystal
injecting port. Thereby, the liquid crystal display panel
is completed.

[0004]

However, in the dip injecting method, it takes much
time to sufficiently inject the liquid crystal between the
substrates and thus manufacturing cost increases.
Particularly, in a vertically oriented liquid crystal
display panel in which liquid crystal molecules are
substantially vertically oriented with respect to the
substrate surface when a voltage is not applied, wettability

of the liquid crystal for the vertically oriented film is
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bad and thus the liquid crystal injecting speed becomes
remarkably slow, compared with a horizontally oriented
liquid crystal display panél.

[0005]

On the other hand, in a dropping injection method, as
shown in Fig. 10, a sealing material 33 is coated in a frame
shape to surround a display region 32 (a region having pixel
electrodes or opposite electrodes formed therein) of one
substrate 31. Next, as shown in Fig. 11, spacers 34 is
dispersed on the substrate 31, a liquid crystal 35 is
dropped, the other substrate 36 superposes the substrate 31,
a liquid crystal 35 is uniformly diffused between the
substrates 31 and 36, and the substrates 31 and 36 are
temporarily adhered to each other by a sealing material.

[0006]
Next, a 1light shielding plate 37 for covering the

display region is disposed on the substrate 36 and
ultraviolet rays are irradiated from the side of fhe
substrate 36 to harden the sealing material. Thereby, a
liquid crystal display device is completed. However, in a
conventional dropping injection method, since the 1liquid
crystal 35 contacts with the non-cured sealing material 33,
the 1liquid crystal 35 is contaminated and thus display
failure occurs. In order to avoid this, as shown in Fig. 12,

a method of forming a barrier 38 made of resin or ceramic in
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a frame shape, coating the sealing material 33 on the
outside of the barrier 38, and sticking the substrates 31
and 36 to each other was suggested (Japanese Unexamined
Patent Application Publication No. 63-98630). According to
this method, the barrier 38 is interposed between the liquid
crystal 35 and the sealing material 38 and thus the
contamination of the liquid crystal 35 can be prevented.

[0007] |

Furthermore, as shown in Fig. 13, a method for forming
a frame-shaped barrier 39a at the inside of the sealing
material 33 and forming pillar spacers 39 in a region
between the pixel electrodes to equalize the cell thickness
was  suggested (Japanese Unexamined Patent Application
Publication No. 6-194615).

[0008]

[Problems to be Solved by the Invention]

However, in the method Japanese Unexamined Patent
Application Publications No. 63-98630 -and 6-194615, the
barrier 38 or 39a separates the liquid crystal 35 and the
sealing material 33. 'But, since the cell thickness
(interval between the substrates, generally, about 4-5 um)
is determined by the height of the barrier 38 or 39a, it is
difficult to equalize the cell thickness in case of forming
a large-scaled liquid crystal display panél. The deviation

of the cell thickness results in the deviation of
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transmissivity, which is a cause of an irregular display.
| [0009]

Recently, even in a vertically oriented liquid crystal
display panel, a orientation dividing structure that forms a
plurality of reéions in which the orientation direction of
the liquid crystal molecules are different from each other
in one pixel to more improve the display quality is needed.
Generally, the orientation dividing structure is
accomplished by providing a plurality of regions of which
the rubbing directions of the oriented films are different
from each other in one pixel. However, in this method, at
least two rubbing processes must be performed and thus the
manufacturing process becomes complicated. In the 1liquid
crystal display panel having the orientation dividing
structure, a manufacturing method by which the deterioration
of the display quality due to the contact between the liquid
crystal and the non-cured sealing material can be avoided
and a manufacturing process can be simplified is required.

[0010]

An object of the present invention is to provide a
liquid crystal display panel which is manufactured using a
dropping injection method and a method for manufacturing the
same, which can prevent contamination of liquid crystal
owing to contact with a sealing material and has excellent

display quality. Further, another object of the present
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invention is to provide an orientation dividing‘liquid
crystal display panel and a method for manufacturing the
same, which can prevent contamination of liquid crystal

owing to contact with a sealing material and can be easily
manufactured.

[0011]

[Means for Solving the Problems]

In order to solve the above-mentioned problems, there
is provided s liquid crystal display panel which has first
and second substrates disposed opposite to each other and a
liquid crystal filled between the first and second
substrates and controls the amount of light passing through
a display region for each pixel to display an image,
compfising: a convex part which is formed in a frame shape
to surround the display region on the first substrate and
has a gap with the second substrate; a vertically oriented
film formed on a top part of the convex part and the surface
of the second substrate opposite to the convex part; and a
sealing material which are spaced from the convex part at
the outside of the convex part and hérmetically seals the
space between the first and second substrates.

[0012]

Further, there is provided a liquid crystal display
panel which has first and second substrates disposed

opposite to each other and a liquid crystal filled between
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the first and second substrates and controls the  amount of
light passing through a display region for each pixel to
display an image, comprising: a convex part which is formed
in a frame shape to surround the display region on the first
substrate and has a gap with the second substrate, and of
which a top part contacts with a liquid crystal stopping
convex part; orientation dividing convex parts which are
formed in pixel regions of the first and second substrates,
respectively; spacer convex parts which are formgd between
the pixel regions of the first and second substrates and of
which a top parts contact with each; a vertically oriented
film formed on the display region of the first and second
substrate and the top part of the liquid crystal stopping
convex part; and a sealing material which are formed at the
outside of the liquid crystal stopping convex part and
hermetically seals the space between the first and second
substrates.

[0013]

Moreover, there is provided a method for manufacturing
a liquid crystal display panel which has first and second
substrates disposed opposite to each other, a sealing
material for hermetically sealing the space between the
first and second substrates, and a liquid crystal filled
between the first and second substrates, and controls the

amount of light passing through a display region for each
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pixel to display an image, compriging the steps of: forming
a convex part on a frame-shaped region surrounding the
display region and spaced from a region for covering the
sealing material on the first substrate; forming a
vertically oriented film on a top part of the convex part;
forming a vertically oriented film on at least a region of
the second substrate opposite to the convex part of the
first substrate; coating the sealing material on at least
one of the first and second substrates; spraying spacers
having a diameter larger than the height of the convex part
on any one of the first and second substrates; dropping a
liquid crystal on any one of the first and second
substrates; and superposing the first and second substrates
to diffuse the liquid crystal between the first and second
substrates and sticking the first and second substrates by
the sealing material.

| [0014]

-Further, there is provided a method for manufacturing a
liquid crystal display panel which has first and second
substrates disposed opposite to each other, a sealing
material for hermetically sealing the space between the
first and second substrates, and a liquid crystal filled
between the first and second substrates, and controls the
amount of light passing through a display region for each

pixel to display an image, comprising the steps of: forming
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a photosensitive resin film on the first substrate; exposing
and developing the photosensitive resin film on the first
substrate and simultaneously forming an Qrientation dividing
convex part disposed on a pixel region of the first
substrate, a spacer convex part disposed between the pixel
regions, and a frame-shaped liquid crystal stopping convex
part surrounding the display region; forming a
photosensitive resin film on the second substrate; exposing
and developing the photosensitive resin film on the second
substrate and simultaneously forming an orientation dividing
convex part disposed on a pixel region of the second
substrate, a spacer convex part disposed between the pixel
regions, and a frame-shaped liquid crystal stopping convex
part surrounding the display region; forming a vertically
oriented film on a top part of the liquid crystal stopping
convex part and the display region of the first and second
substrates; coating the sealing material at the outside of
the liquid crystal stopping convex part on at least one of
the first and second substrates; dropping a liquid crystal
on any one of the first and second substrates; and
superposing the first and second substrates so that the
spacer convex parts of ﬁhe substrates contact with each
‘other and sticking ﬁhe first and second substrates by the
sealing material.

[0015]
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Hereinafter, the operation of the present invention
will be described. 1In the present invention, the convex
part (liquid crystal stopping part) is formed between the
display region and the sealing material and a vertically
oriented film is formed the convex part and the surface of
the substrate opposite to the convex part. Since the
vertically oriented film has a bad wettability for the
liquid crystal, the diffusion speed of the liquid crystal
when superposing the first and second substrates becomes
slow at the convex part. Also, since the cell thickness
becomes narrow at the convex part, the diffusion speed of
the liquid crystal more becomes slow. Thereby, the
diffusion of the liquid crystal can be stopped at the convex
part until the sealing material is hardened.

[0016]

The wet degree can be expressed by a contact angle 6
between the oriented film S and the liquid crystal L dropped
thereon. If the contact angle is large, it is difficult to
wet the oriented film and the diffusion speed when injecting
the liquid crystal becomes slow. In case that the wet
phenomenon is expressed by a surface tension, the following
equation is made by Young’s equation.

Ys = ysl + ylcos6

Here, ys is surface tension of solid (oriented film), 7yl

is surface tension of liquid (liquid crystal), and ysl is
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interface tension between the solid and the liquid (oriented
film aﬁd the liquid crystal).

[0017]

Here, ylcosO is called as a wet tension and is a wet
degree expressed by free energy. 1vYlcos® represents the
reduction of the free energy when the solid (oriented film)
disappears and the interface between the solid and the
liquid crystal (the oriented film and the liquid crystal)
appears. If this value is small (that is, if the contact
angle 0 is large), it is difficult to-wet the oriented film.
Since the vertically oriented film applies large 0, the
wettability is bad and the diffusion speed when injectihg
the liquid crystal becomes slow. Thereby, in the.present
invention, as mentioned above, the convex part is formed so
as to narrow the cell thickness and the diffusion speed of
the liquid crystal remarkably becomes slow at the convex
part by the vertically oriented film to harden the sealing
material befoie the liquid crystal contacts with the sealing
material. Thereby, the display quality can be prevented
from being deteriorated due to the contamination of the
liquid crystal.

[0018]

Also, in case of a vertically oriented liquid crystal
display panel, if the convex part (orientation dividing

convex part) is provide in the pixel region, the liquid
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crystal molecules is oriented in a perpendicular direction
with respect to the both sides of the convex part and the
orientation division is accomplished. Also, since the

convex part (spacer convex part) is provided between the
pixel regions and the cell thickness is limited by the
spacers, the process for spraying the spacers is unnecessary.
Since the convex parts are simultaneously formed of the
photosensitive resin film, the manufacturing process can be
simplified.

[0019]

[Description of the Embodiments]

Hereinafter, embodiments of the present invention will
be described with reference to the attached drawings.

(First embodiment)

Figs. 1 and 2 illustrate a method for manufacturing a
liquid crystal display panel according to a first embodiment
of the present invention. Also, the present embodiment
illustrates an example that the present invention is applied
to a method for manufacturing a vertically oriented liquid
crystal display panel.

[0020]

First, data bus lines, drain bus lines, pixel
electrodes, and TFTs (not shown) are formed on a transparent
substrate 11. Also, a liquid crystal stopping convex part

13 is formed between a display region and a sealing material
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(region for coating the sealing material) on the substrate
11. The liquid crystal stopping convex part 13 is formed in
a frame shape to surround the display region. Also, the
height of the liquid crystal stopping convex part 13 is
slightly (about 0.5 pm) lower than a predetermined cell
thickness. Also, the interval between the convex part 13
and the-display region is, for example, 1.5 mm, and the
interval between the convex part 13 and‘the seal line is,
for example, about 1.5 mm.

[0021]

The liquid crystal stopping convex part 13 is formed,
for example, by a photolithography using photosensitive
black resin. That is, first, the photosensitive black resin
is spin-coated on the substrate 11 to form a photosensitive
resin film. At this time, by controlling the rotation speed
of the spinner, the film thickness of the photosensitive
resin film can be controlled. Next, the photosensitive
resin film is exposed while mésking a potion which becomes
the convex part 13, and then is developed. Thereby, the
photosensitive resin film which is not exposed is left and
becomes the liquid crystal stopping convex part 13.

[0022]

Next, a vertically oriented film 14 is formed on the
substrate 11 and is subjected to an orientation process.

The orientation process is performed by rubbing the surface
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of the orientation film in a regular direction or
irradiating ultraviolet rays from a slope direction. On the
other hand, a black matrix and color filter are formed on
the transparent substrate 12 and then transparent opposite
electrodes (not shown) are formed thereon. Further, a
vertical oriented film 15 is formed on the opposite
electrodes and is subjected to an orientation process.

[0023]

Moreover, a sealing material 16 is coated on the
outside of the convex part 13 formed on the substrate 11 in
a frame shape. Also, the sealing material may be coated on
the substrate 12 or may be coated the both substrates 11 and
12. Thereafter, spherical or cylindrical spacers having a
uniform diameter are sprayed on the substrate 11 and a
liquid crystal 17 is dropped. At this time, as shown in Fig.
3, it is preferable that the liquid crystal 17 is dispersed
in a plurality of places of the substrate. Also, it is more
preferable that the liquid crystal is slightly (about 6-7%)
more dropped in a portion corresponding to a corner part’
than in the other parts, as shown in Fig. 4. The amount of
the dropped liquid crystal 17 is more than the volume of the
space formed in inside of the convex part 13 and is less
- than the volume of the space in the inside of the sealing
material 16 when superposing the substrate 11 and the

substrate 12. Further, since an optimal condition such a
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location of the dropped liquid crystal 17, the number of

dropping points, and-a dropping amount is different
according to a panel size, it is preferable that an optimal

condition is previously calculated for each panel size.

[0024]

Next, the substrate 12 superposes the substrate 11 at a
vacuum atmosphere and the substrates 11 and 12 are
temporarily stuck to each other. At this time, the interval
between the convex part 13 and the substrate 12 is narrow
and the vertically oriented films 14 and 15 which can not be
wet by the liquid crystal 17 are formed, it takes much time
for the liquid crystal 17 to go over the convex part 13.

For example, if the interval between the convex part 13 and
the substrate 12 is 0.5 pm and the width of the convex part
13 is 1.0 mm, the time that the liquid crystal goes over the
convex part 13 is about 10 minﬁtes. Meanwhile, a light
shielding plate 18 for covering the display region is
disposed on the substrate 12 and the ultraviolet rays are
irradiated to harden the sealing material 16. At this time,
since the liquid crystal 17 enters into the space between
the convex part 13 and the sealing material 16, the liquid
crystal 17 is not deteriorated by the ultraviolet rays.
Also, by forming the liquid crystal stopping conve# part 13
with black resin, the ultraviolet rays are reflected from

the substrate surface and are prevented from entering into
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the display region. Thus, the liquid crystal 17 can be
prevented from being deteriorated by the ultraviolet rays.

[0025]

Next, the substrates 11 and 12 which are stuck to each
other by the sealing material 16 are subjected to an
isotropic process which is heated at a temperature of 120 °C
for 60 minutes. By this isotropic process, the viscosity of
the liquid crystal 17 is temporarily reduced and, as shown
in Fig. 2, the liquid crystal 17 goes over the convex part
13 and enters into the space between the convex part 13 and
the sealing material 16. Also, the space between the convex
part 13 and the sealing material is trapped. Thereby, a
liquid crystal display panel is completed.

[0026]

In the preéent embodiment, since the liquid crystal
stopping convex part 13 is formed between the display region
and the sealing material 16 and the vertically orignted
films 14 and 14 are formed on a top part of the convex part
13 and-a surface of substrate facing the convex.part 13, it
takes much time for the liquid crystal 17 to go over the
convex part 13 when injecting the liquid crystal 17 between
the substrate 11 and 12 by the dropping injection méfhod,
and meanwhile the sealing material 16 can be completely
hardened. Thereby, the liquid crystal 17 is prevented from

being contaminated due to the contact between the non-cured
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sealing material 16 and the liquid crystal 17 or the liquid
crystal 17 is prevented from being optically deteriorated
due to the ultraviolet rays. Accordingly, the liquid
crystal display panel manufactured by the present embodiment
is excellent in the display quality.

[0027]

Also, in the present embodiment, since the convex part
13 formed on the substrate 11 does not contact with the
substrate 12, the cell thickness is determined by the
diameter of the spacer. Accordingly, the precise film
thickness control of the photosensitive resin film which
becomes the liquid crystal stopping convex part 13 is
unnecessary, the liquid crystal display panel having a
uniform cell thickness is obtained, and the irregular
display due to the deviation of the cell thickness is
prevented from being generated. Further, in the present
embodiment, since a sbace is proved between the sealing
material 16 and the convex part 13, excessive liquid crystal
17 or foam is trapped in this space and precise control of a
liquidlcrystal dropping amount or a vacuum degree is
Aunnecessary. Thereby, the manufacturing margin is enlarged
and yield is enhanced.

[(0028]

Moreover, although the method for manufacturing the

vertically oriented liquid crystal display panel is
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described in this embodiment, this may be applied to a
horizontally oriented liquid crystal display panel. In this
case, in addition to the vertically'oriented film formed on
the display region, vertically oriented films may be formed
on at least a top part of the liquid crystal stopping convex
part and a surface of a substrate facing the top part.
Hereinafter, a result of forming the liquid crystal display
panel by the above-mentioned method and examining the
deviation of the cell thickness and a voltage holding ratio
is described in comparison with a comparative example.

[0029]

As a first embodiment, a liquid crystal display panel
was formed by the above-mentioned method. Further, as a
first comparative example, a liquid crystal display panel
without the liquid crystal stopping convex part (see Fig.
11) was formed, and, as a second comparative example, a
liquid crystal display panel having a barrier having the
same height as the cell thickness (see Fig. 12) was formed.
In the liquid crystal display panels of the first embodiment
and the first and second comparative examples, the location
of the edge (4.5 mm from the seal line) of the disélay
region, and the cell thickness and the voltage hdlding ratio
of the center of the panel were measured. The results are
shown in Table 1.

{0030]
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Table 1
Edge of the display Center of the display
region region
Cell Voltage Cell Voltage
thickness holding thickness holding
pm ratio % pm ratio %
First 3.5%0.1 97.2 3.5%0.1 97.5
embodiment
First 3.5%0.1 95.2 3.540.1 97.5
comparative
example
Second 3.540.2 97.2 3.5%0.1 97.5
comparative
example
[0031]

As can be seen from Table 1, in the liquid crystal
display panel according to the first embodiment, the
deviation of the cell thickness at the edge and the center
of the display region is small and the reduction of the
voltage holding ratio is low. On the other hand, in the
first comparative example, the‘voltage holding ratio at the
edge .of the display region is reduced by about 2% than the
second comparative example and the first embodiment. This

is because the liquid crystal is contaminated due to the
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contact between the non-cured sealing material and the
liquid crystal or the liéuid crystal is deteriorated by the
ultraviolet rays. Also, in the second comparative example,

. the voltage holding ratio is equal to that of the first
embodiment, but the deviation of the cell thickness at the
edge of the display region is large. As the result, in the
liquid crystal display panel of the second comparative
example, the transmissivity at the edge and the center of
the'display region was not uniform and the irregular display
was generated.

[0032]

Next, the result of changing the interval between the
liquid crystal stopping convex part and the substrate
opposite to the liquid crystal stopping convex part and
measuring the diffusion speed of the liquid crystal will be
described. First, a plurality of glass substrates were
prepared as the first and second substrates. Photosensitive
black resin (BLACK519: Nippon Kosei rubber) was coated on
the first substrate by a spin coating method. 1In this case,
the rotation number of the spinner is controlled so that the
cell thickness is 3.5 pm and the height of the convex part
13 is 1-3 pm and thus the photosensitive black resin film
having a different film thickness was prepared.

[0033]

Thereafter, the first substrate was placed on a hot
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plate and was preheated at a temperature of 90 °C for 4
minutes. Next, a region which the liquid crystal stopping
convex part will be formed was masked with a photomask and
the ultraviolet rays were irradiated to the first substrate
with energy of 300 mJ/cm?. 1In this case, the liquid crystal
stopping convex part was formed at a location sufficiently
away from'the seal line.

[0034]

Next, the photosensitive black resin film was subjected
to a development process to form the liquid crystal stopping
convex part in a frame shape. Subsequently, the resin
composing the liquid crystal stopping convex part was cqred
at a teﬁperature of 220 °C for 30 minutes. -As an
experimental example 1, a vertically oriented film (RN-783:
Nissan Kakaku) was formed on the liquid crystal stopping
convex part of the first substrate and the second substrate
opposite to the convex part and the liquid crystal (MJ95785:
Merck) was filled between the first and second substrates by
the dropping injection method. Then, the relationship
between the interval between the convex part and the second
substrate and the diffusion speéd of the liquid crystal were
examined.

[0035]

Further, as an experimental example 2, a vertically

oriented film was not formed on the surface of the convex
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part and the surface to the convex part and the liquid
crystal (MJ95785: Merck) was filled between the first and
second substrates. Then, the relationship between the
interval between the convex part and the second substrate
and the diffusion speed of the liquid crystal were examined.
"Also, as an experimental example 3, a horizontally oriented
film (SE-7792: Nissan Kakaku) was formed on the liquid
crystal stopping convex part and the surface opposite to
liquid crystal stopping convex part and the liquid crystal
(MJ95785: Merck) was filled between the first and second
substrates. Then, the relationship between the interval
between the convex part and the second substrate and the
diffusion speed of the liquid crystal were examined.

[0036]

Moreover, in the experimental examples 1 and 3, the
oriented film was coated and then the oriented film was
cured at a temperature of 200 °C for 60 minute. The results
of measuring the diffusion speed of the liquid crystal at
the convex part when filling the liquid crystal in the
experimental examples 1 to 3 were shown in Fig. 5. As can
be seen from Fig. 5, in the experimental example 2 having no
the oriented film on the convex part and the surface
opposite to the convex part, the diffusion speed of the
liquid crystal is about 10 mm/minute although the interval

between the liquid crystal stopping convex part and the
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second substrate is 0.5 pm, and the liquid crystal can not
stop at the convex part until the sealing material is
hardened. Also, in the experimental example 2 having the
oriented film on the convex part and the surface opposite
to the convex part, the diffusion speed of the liquid
crystal is about 10 mm/minute although the interval between
the liquid crystal stopping convex part and the second
substrate is 0.5 um, and the liquid crystal can not stop at
the convex part until the sealing material is hardened.

[0037]

On the other hand, in the experimental example 1 having
the oriented film on the convex part and the surface
opposite to the convex pa;t, the diffusion speed of the
liquid crystal is about 0.1 mm/minute or less if the
interval between the liquid crystal stopping convex part and
the second substrate is 0.5 pm. Accordingly, if the width
of the liquid crystal stopping convex part is 1 nm, the
liquid crystal can stop at the convex part for about 10
minutes and meanwhile the light shielding plate covers the
display region and the ultraviplet rays are irradiated to
harden the sealing material.

(Secoﬁd embodiment)

Figs. 6(a) and 6(b) illustrate a method for
manufacturing a liquid crystal display panel according to a

second embodiment of the present invention. Also, Fig. 6{(a)
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illustrates a bus line region and a pixel region in a
display region and Fig. 6(b) illustrates a region between
fhe display region and a seal line (non-display region).

[0038]

First, data bus lines, drain bus lines, pixel
electrodes, and TFTs (not shown) are formed on a transparent
11. Thereafter, photosensitive resin is coated on the
substrate 11 to form a photosensitive resin film having a
film thickness of, for example, 1.75 pum. Next, the
photosensitive resin film is patterned by photolithography
to form an orientation dividing convex part 22a, a spacer
convex part 2la, and a resin fixing convex part 23a. 1In
this case, as shown in'Fig. 7, the orientation dividing
convex part 22a is formed on the display region in a
straight line shape and the spacer convex part 2la is formed
on the bus line in a broken line shape. Also, the liquid
crystal stbpping convex part 23a is formed in_a frame shape
to surround the display region. Also, as shown in Fig. 6(a),
it is preferable that the width of the'orientation dividing
convex part 22a is narrow so that a flat part is generated
in a top part thereof. Thereafter, a vertically oriented
film 24 is coated on the substrate 11.

[0039]

On the other hand, a black matrix and color filters are

formed on a transparent substrate 12 and transparent
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opposite electrodes (not shown) are formed thereon. Also,
photosensitive resin is coated on the opposite electrodes to
form a photosensitive resin film having a film thickness of,
for example, 1.75 pm. Next, the photosensitive resin film
is patterned by photolithography to form an orientation
dividing convex part 22b, a spacer convex part 215, and a
liquid crystal stopping convex part 23b. Next, a vertically
oriented film 25 is formed on the substrate 12.

[0040]

Next, a sealing material 16 is coated on the .substrate
11 along a seal line, a liquid cfystal 17 is dropped, the
substrate 12 superposes the substrate 11 to diffuse the
liquid crystal between the substrates 11 and 12, and>the
substrates 11 and 12 are stuck to each other by the'sealing
material 16. At this time, in the display region, the
spacer convex part 2la of the substrate 11 contacts with the
spacer convex part 21b of the substrate 12, and thus the
cell thickness is held with a regular interval (3.5 pm) .
Also, in the periphery of the panel, since the vertically
oriented films 24 and 25 are formed on the top parts of the
convex parts 23a and 23b and the interval therebetween is
narrow; the diffusion speed of the liquid crystal becomes
slow although the liquid crystal 17 enters between the
convex parts 23a and 23b before the liquid crystal stopping

convex parts 23a and 23b contact with each other. Thereby,
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the contact between the liquid crystal 17 and the sealing
material 16 is avoided.

[0041]

Next, a light shielding plate (not shown) is provided
on the substrate 11 to cover the display region and
ultraviolet rays are irradiated to harden the sealing
material 16. Subsequently, an isotropic process is
performed. Thereby, a liquid crystal display panel is
completed. In this liquid crystal display panel, since the
liquid crystal molecules are oriented in a direction
perpendicular to the slope surface of the orientation convex
parts 22a and 225, the oriented directions of the liquid
crystal molecules are different from the both sides of the
convex parts 22a and 22b and thus the orientation division
is accomplished.

'[0042]

In the present embodiment, since the liquid crystal
stopping convex parts 22a and 22b are formed between the
display region and the sealing material 16 and the liquid
crystal stopping convex parts 22a and 22b prevent the liquid
crystal 17 and the sealing material 16 from contacting with
each other, impurities are prevented from being mixed in the
liquid crystal 17, thereby preventing the display quality
from being deteriorated. Since the spacer convex parts 2la

and 21b are formed on the bus line and the cell thickness is
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uniformly held by the convex parts 2la and 21b, a process of
spraying spherical or cylindrical spacers is unnecessary and
thus the manufacturing process is simplified. Also, since
the orientation division is accomplished using the slope
surfaces of the orientation convex parts 22a and 22b, the
display quality can be enhanced. 1In addition, the
orientation dividing convex part 22a, the spacer convex part
2la, the liquid crystal stopping convex part 23a are
simultaneously formed and the orientation dividing convex
part 22b, the spacer convex part 21b, and the liquid crystal
stopping convex part 23b are simultaneously formed, the
manufacturing process is simplified and thus manufacturing
cost can be reduced.

[0043]

Hereinafter, the result of forming a liquid crystal
display panel by the present embodiment and examining the
display characteristics and the deviation of the cell
'thickness will be described in comparison with comparative
examples. By the above-mentioned method, a plurality éf the
orientation dividing convex parts 22a each having a width of
5 pm were formed on the display region of the substrate 11,
and the spacer convex parts 2la each having a width of 10 um
were formed on the bus line. Also, the liquid crystal
stopping convex parts 23a each having a width 1.0 mm were

formed on the outside of the display region (See Fig. 7)
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The interval between the display region and the liquid
crystal stopping convex part 23a was 1.5 mm.

[(0044]

A vertically oriented film (JALS-644: Nippon Kosei
rubber) was coated at the periphery of the display region
and the liquid crystal stopping convex part 23a by a convex
plate print. Thereafter, a preheat treatment was performed
at a temperature of 80 °C for 2 minutes and then a main heat
treatment was performed at a temperature of 200 °C for 60
minutes. On the other hand, similar to the substrate 11,
the orientation dividing convex part 22b, the spacer convex
part 21b, and the liquid crystal stopping convex part 23b
were formed on the substrate 12.

[0045]

A small amount of a negative liquid crystal (MJ95785:
Merck) was dropped on the display region of the substrate 11
and the substrate 12 superposed the substrate 11, and the
substrates 11 and 12 were temporarily stuck to each other by
the sealing material 16. Thereaftér, ultrayiolet rays are
irradiated to the sealing material 16 to harden the sealing
material 16. The deviation of the cell thickness and the
voltage holding ratio of liquid crystal display panel
manufactured by this method were measured. The liquid
crystal display panel of a third comparative example was

formed similar to the second embodiment except that the
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liquid crystal stopping convex part is not formed and

spherical spacers are sprayed instead of the spacer convex

part.

[0046]

With respect to the liquid crystal displéy panels of
the second embodiment and the third.comparative example 3,
the deviation of the cell thickness and the voltage holding

ratio were.examined. The results are shown in Table 2.

[0047]
Table 2
Edge of the display Center of the display
region region
Cell Voltage Cell Voltage
thickness holding thickness holding
Hm ratio % Hm ratio %
Second 3.540.1 97.5 3.540.1 97.5
embodiment
Third 3.5+0.3 - 195.2 3.5+0.3 97.5 '
comparative
example
[0048]

As can be seen from Table 2, in the second embodiment,
the deviation of the cell thickness is small and the

reduction of the voltage holding ratio is low. On the other
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hand, in the third comparative example, the deviation of the
cell thickness of #0.3 pm was generated by the orientation
dividing convex part of the substrate surface. This is
because the panel is supported by the spacer in the third
comparative example and thus the spacer 26 is placed on the
orientation dividing convex parts 22a and 22b as shown in
Fig. 8 to cause the deviation of the cell thickness. Also,
the liquid crystal display panel of the third comparative
example, the voltage holding ratio of the edge of the
display region is lower than that of the second embodiment
by 2.3 $. This is because the liquid crystal is
contaminated due to the contact between the non-cured
sealing material and the liquid crystal. Further, the
deviation of the cell thickness is apt to generate a
irregular stripe pattern and the reduction of the voltage
holding ratio becomes the cause of the decolorizing.

[0049]

Next, the relationship between the width and the shape
of the convex part which is formed of the photosensitive
resin will be described. Photosensitive transparent resin
resist (HRC-135: Nippon Kosei rubber) was coated on a glass
substrate by a spinner to form a photosensitive resin film,
and a preheat treatment was performed at a temperature of
90 °C for 2 minutes on a hot plate. Next, a photomask

having a pattern was masked and ultraviolet rays were
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irradiated to the photosensitive resin film with energy of
200 mJ/cm’.

{0050]

Thereafter, the photosensitive resin film was subjected
to the development process to form a convex part, a post-
exposure process for irradiating the ultraviolet rays with
energy of 300 mJ/cm’® was performed, and then a main heat
treatment was performed at a temperature of 200 °C for 60
minutes. The relationship between the width and the section
shape of the convex part formed of the photosensitive resin
was examined using this substrate. As the result, as shown
in Fig. 9(a), in a taper structure of a pattern edge, a
taper width was 2.5 pum and a slope angle was about 30°.

From this result, it can be seen that the convex part
suitable as the orientation dividing convex part having no a
flat part at the top part thereof can be formed by setting
the width of the orientation dividing convex part to 5 um or
less, as shown in Fig. 9(b). Further, as shown in Fig. 9(c¢),
the convex part having a flat part (dimension thereof is 3-5
um) at the top part thereof can be formed by setting the
width of the spacer convex part to 10 pm or less.

[0051]

[Advantages]
As described above, according to the present invention,

since a convex part is provided between a display region of
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a first substrate and a sealing material and a vertically
oriented film is provided on a top part of the convex part
and the surface of a second substrate opposite to the convex
part, the diffusion of the liquid crystal is stopped by the
convex part and meanwhile the sealing material can be
hardened when the first and second substrates are superposed
and the liquid crystal is diffused. Thereby, the contact
between the liquid crystal and the non-cured sealing
material can be avoided and thus the deterioration of the
display quality due to impurities can be avoided.

[0052]

Further, in addition to the convex part (liquid crystal
stopping convex part), by forming an orientation dividing
convex part and a spacer convex part, the orientation
division can be accomplished in the orientation dividing
convex part and the cell thickness of the spacer convex part
can be uniformly held. Thus, the method for manufacturing a
vertically oriented liquid crystal display panel having the
orientation dividing structure can be remarkably reduced and
the manufacturing time can be shortened. Also, since the
cell thickness becomes uniform and the reduction of the
voltage holding ratio can be avoided, the display quality
can be enhanced and the yield can be enhanced.

[Brief Description of the Drawings]

[Fig. 1]
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Fig. 1 illustrates a method for manufacturing a liquid

~crystal display panel according to a first embodiment of the

present invention.
[Fig. 2]

Fig. 2 illustrates a method for manufacturing a liquid
crystal display panel according to a first embodiment of the
present invention.

[Fig. 3]
Fig. 3 is a schematic diagram illustrating an example
of a dropping location of a liquid crystal.
[Fig. 4]
" Fig. 4 is a schematic diagram illustrating another
example of a dropping location of a liquid crystal.
[Fig. 5]

Fig. 5 illustrates a result of obtaining diffusion
speed of a liquid crystal at a convex part when sealing a
liquid crystal.

(Fig. 6]

Fig. 6 illustrates a.method for manufacturing a liquid
crystal display panel according to a second embodiment of
the present invention.

tFig- 7]

Fig. 7 is a schematic diagram illustrating a state of

arranging an orientation dividing convex part, a spacer

convex part, and a liquid crystal stopping convex part in



H11-038424.doc - 40 -

the second embodiment.
[Fig. 8]

Fig. 8 is a schematic diagram illustrating a state of

placing a spacer on the orientation dividing convex part.
[Fig. 9]

Fig. 9 is a schematic diagram illustrating a
relationship between a pattern width and a convex part
section shape.

[Fig. 10]

Fig. 10 is a plan view illustrating a method for
manufacturing a liquid crystal display panel using a
dropping injection method.

[Fig. 11]

Fig. 11 is a cross-sectional view illustrating a method
for manufacturing a liquid crystal display panel using a
dropping injection method.

[Fig. 12]

Fig. 12 is a cross-sectional view illustrating an
example of a method for manufacturing a liquid crystal
display device which prevents the contact of a liquid
crystal and a sealing material.

[Fig. 13]

Fig. 13 is a cross-sectional view illustrating another

example of a method for manufacturing a liquid crystal

display device which prevents the contact of a liquid
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crystal and a sealing material.
[Reference Numerals]

11, 12, 31, 36: substrate
13, 23a, 23b: 1liquid crystal stopping convex part
14, 15, 24, 25: vertically oriented film
16, 33: sealing material A
17, 35: 1liquid crystal
18: 1light shielding plate
2la, 21b: spacer convex part
22a, 22b: orientation dividing convex part
26, 34: spacer
32: display region
38, 3%a: Dbarrier

3%9b: pillar spacer
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